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400

_ @m}} N0

YES

IDENTIFY PWM-ABLE DEVICES THAT DRAW | ~40&
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|~ 410
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1
INTELLIGENT OVER-CURRENT
PREVENTION

BACKGROUND

The present disclosure relates to the field of computing
hardware, and specifically to hardware devices. Still more
specifically, the present disclosure relates to a design struc-
ture for selectively controlling current level to hardware
devices.

A Field Programmable Gate Array (FPGA) or an Applica-
tion Specific Integrated Circuit (ASIC) may provide multiple
Input/Output (I/O) current busses, which receive a voltage
source from one or more power pins. That is, an FPGA/ASIC
may include current banks, which take voltage source(s),
converts this voltage into current, and supplies this current to
one or more devices that are coupled to their respective 1/O
current busses.

SUMMARY

In one embodiment of the present invention, a system
comprises a voltage source; an input/output (I/O) bus,
wherein the input/output bus transmits current to and data
from one or more electronic devices; and an intelligent cur-
rent bank coupling the voltage source to the 1/O bus. The
intelligent current bank comprises an ammeter, where the
ammeter measures a real-time flow of current through a resis-
tance that is coupled to the voltage source; and an intelligent
Pulse-Width Modulator (iPWM), wherein the iPWM couples
the ammeter and the resistance to the I/O bus, and wherein the
iPWM is constructed to: determine if the real-time flow of
current through the resistance being measured by the amme-
ter exceeds a predetermined amount; and in response to deter-
mining that the real-time flow of current through the resis-
tance being measured by the ammeter exceeds the
predetermined amount, selectively decrease current to at least
one of said one or more electronic devices, wherein current to
said at least one of said one or more electronic devices is
decreased by the iPWM by shortening a duty cycle of voltage
being received by the iPWM from the voltage source.

In one embodiment of the present invention, a hardware
description language (HDL) design structure is encoded on a
machine-readable data storage medium. The HDL design
structure comprises elements that, when processed in a com-
puter-aided design system, generate a machine-executable
representation of a system that comprises a voltage source; an
input/output (I/O) bus, wherein the input/output bus transmits
current to and data from one or more electronic devices; and
an intelligent current bank coupling the voltage source to the
1/0 bus. The intelligent current bank comprises an ammeter,
where the ammeter measures a real-time flow of current
through a resistance that is coupled to the voltage source; and
an intelligent Pulse-Width Modulator (iPWM), wherein the
iPWM couples the ammeter and the resistance to the 1/O bus,
and wherein the iPWM is constructed to: determine if the
real-time flow of current through the resistance being mea-
sured by the ammeter exceeds a predetermined amount; and
in response to determining that the real-time flow of current
through the resistance being measured by the ammeter
exceeds the predetermined amount, selectively decrease cur-
rent to at least one of said one or more electronic devices,
wherein current to said at least one of said one or more
electronic devices is decreased by the iPWM by shortening a
duty cycle of voltage being received by the iPWM from the
voltage source.
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In one embodiment, a method controls current to one or
more devices in a hardware system, where the hardware sys-
tem comprises a voltage source, an input/output (I/0) bus,
and an intelligent current bank coupling the voltage source to
the I/0 bus. An ammeter measures a real-time flow of current
through a resistance that is coupled to the voltage source. An
intelligent Pulse-Width Modulation iPWM) unit within the
intelligent current bank and the ammeter determine if the
real-time flow of current through the resistance exceeds a
predetermined amount. In response to the iPWM and the
ammeter determining that the real-time flow of current
through the resistance being measured by the ammeter
exceeds the predetermined amount, current to at least one of
one or more electronic devices coupled to the I/O bus is
selectively decreased, where current to one or more of the
electronic devices is decreased by the iPWM shortening a
duty cycle of voltage being received by the iPWM from the
voltage source.

The above as well as additional objectives, features, and
advantages of the present invention will become apparent in
the following detailed written description.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The invention itself, as well as a preferred mode of use,
further objects, and advantages thereof, will best be under-
stood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 depicts an exemplary physical computer in which
the present invention may be implemented and/or utilized;

FIG. 2 illustrates an ASIC/FPGA having multiple current
banks;

FIG. 3 depicts additional detail of one of the current banks
illustrated in FIG. 2;

FIG. 4 is a high-level flow chart of exemplary steps per-
formed by a system to selectively adjust current levels to
devices on an I/O bus coming from a particular current bank;
and

FIG. 5 is a flow diagram of a design process used in semi-
conductor design, manufacturing, and/or testing of the pres-
ently described exemplary system.

DETAILED DESCRIPTION

With reference now to FIG. 1, there is depicted a block
diagram of an exemplary computer 100, with which and/or in
which the present invention may be utilized. Computer 100
includes a processor unit 104 that is coupled to a system bus
106. A video adapter 108, which drives/supports a display
110, is also coupled to system bus 106. System bus 106 is
coupled via a bus bridge 112 to an Input/Output (I1/0) bus 114.
An /O interface 116 is coupled to I/O bus 114. I/O interface
116 affords communication with various I/O devices, includ-
ing a keyboard 118, a mouse 120, a Compact Disk—Read
Only Memory (CD-ROM) drive 122, and a flash memory
drive 126. The format of the ports connected to I/O interface
116 may be any known to those skilled in the art of computer
architecture, including but not limited to Universal Serial Bus
(USB) ports.

Computer 100 is able to communicate with a server 150 via
a network 128 using a network interface 130, which is
coupled to system bus 106. Network 128 may be an external
network such as the Internet, or an internal network such as an
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Ethernet or a Virtual Private Network (VPN). Server 150 may
be architecturally configured in the manner depicted for com-
puter 100.

A hard drive interface 132 is also coupled to system bus
106. Hard drive interface 132 interfaces with a hard drive 134.
In one embodiment, hard drive 134 populates a system
memory 136, which is also coupled to system bus 106. Sys-
tem memory 136 is defined as a lowest level of volatile
memory in computer 100. This volatile memory may include
additional higher levels of volatile memory (not shown),
including, but not limited to, cache memory, registers, and
buffers. Code that populates system memory 136 includes an
operating system (OS) 138 and application programs 144.

0S 138 includes a shell 140, for providing transparent user
access to resources such as application programs 144. Gen-
erally, shell 140 (as it is called in UNIX®—UNIX is a regis-
tered trademark of The Open Group in the United States and
other countries), also called a command processor in Win-
dows® (WINDOWS is a registered trademark of Microsoft
Corporation in the United States and other countries), is a
program that provides an interpreter and an interface between
the user and the operating system, and is generally the highest
level of the operating system software hierarchy and serves as
a command interpreter. Thus, shell 140 provides a system
prompt, interprets commands entered by keyboard 118,
mouse 120, or other user input media, and sends the inter-
preted command(s) to the appropriate lower levels of the
operating system (e.g., kernel 142) for processing. As
depicted, OS 138 also includes kernel 142, which includes
lower levels of functionality for OS 138. Kernel 142 provides
essential services required by other parts of OS 138 and
application programs 144. The services provided by kernel
142 include memory management, process and task manage-
ment, disk management, and I/O device management.

Application programs 144 include a browser 146. Browser
146 includes program modules and instructions enabling a
World Wide Web (WW W) client (i.e., computer 100) to send
and receive network messages to the Internet. Computer 100
may utilize HyperText Transfer Protocol (HTTP) messaging
to enable communication with server 150. Application pro-
grams 144 in system memory 136 also include a Current
Input/Output Control Logic (CIOCL) 148, which, in one
embodiment, executes the process described below in FIG. 4
and/or FIG. 5. In one embodiment, computer 100 is able to
download CIOCL 148 from service provider server 150, pref-
erably in an “on demand” basis. Computer 100 also includes
athermal sensor 152, which is thermally coupled to a particu-
lar current bank, as depicted in exemplary detail below in
FIG. 3.

The hardware elements depicted in computer 100 are not
intended to be exhaustive, but rather are representative to
highlight essential components required by the present inven-
tion. For instance, computer 100 may include alternate
memory storage devices such as magnetic cassettes, Digital
Versatile Disks (DVDs), Bernoulli cartridges, and the like.
These and other variations are intended to be within the spirit
and scope of the present invention. Note that the hardware
architecture for service provider server 150 may be substan-
tially similar to that shown for computer 100.

Referring now to FIG. 2, an exemplary Application Spe-
cific Integrated Circuit/Field Programmable Gate Array
(ASIC/FPGA) 202 having multiple current banks, depicted as
banks 204a-204d is illustrated. In one embodiment, ASIC/
FPGA 202 is a component of I/O interface 116 depicted in
FIG. 1. Banks 1-4 (i.e., current banks 204a-204d) each
receive voltage from one or more of the voltage sources
VCC1-VCC4. Each of the voltage sources VCC1-VCC4 sup-
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plies a fixed or variable amount of electronic voltage, which
in one embodiment is within the range of 3.6 V. to 15.0
V pe One or more of the voltage sources VCC1-VCC4 may
be created by an Alternating Current/Direct Current (AC/DC)
converter, which takes AC voltage from an AC power source
and converts it into DC voltage (i.e., forming a DC voltage
source). In one embodiment, one or more of the voltage
sources VCC1-VCCA4 is a battery.

Each of the banks 1-4 includes an input/output bus (I/O bus
1-I/O bus 4), depicted as elements 206a-206d. (Note that the
1/O busses 206a-206d are not analogous to the /O bus 114
depicted in FIG. 1. That is, the I/O bus 114 in FIG. 1 provides
aconnectionto an I/O interface 116, which is analogous to the
ASIC/FPGA 202 shown in FIG. 2. The /O busses 206a-206d4
are current connections (and in one embodiment ancillary
data connections) to/from the [/O interface 116 to one or more
devices, which may be elements 118, 120, 122, 126 shown in
FIG.1, and/or to another device, such as a processor, memory,
storage device, etc.). Each 1/O bus includes one or more
power (e.g., electric current) lines and/or one or more data
lines, to which devices are connected. Thus, with reference to
FIG. 3, additional detail of current bank 204d is presented. As
depicted, /O bus 4 (206d) emanates from current bank 2044d.
1/O bus 4 includes “n” number of power lines and/or “n”
number of data lines. The power lines provide current from
current bank 2044 to devices 302a-302#, and the data lines
provide data from devices 310a-310% to the current bank
204d. More specifically, an intelligent Pulse-Width Modula-
tor iIPWM) 304 provides current to devices 302a-3027, and
the devices 302a-302# provide control/feedback data to the
iPWM 304. In one embodiment, a particular [/O bus (e.g., [/O
bus 4) is made up of multiple power lines and/or multiple data
lines, where each of the power and/or data lines is connected
to a single electronic device from the multiple electronic
devices 3024-3027. That is, device 302a may have its own
power line and/or data line in I/O bus 4, device 3025 may be
connected to a different power line and/or data line in /O bus
4, etc.

As depicted, current bank 2044 is coupled to the voltage
source VCC4. Voltage from VCC4 causes current to flow
through a resistance, such as resistor 306. Resistor 306 pro-
vides a nominal level of resistance to cause the current pro-
duced by VCC4 to be at some manageable level (i.e., prevents
a direct connection (i.e., a “short”) from VCC4 to ground
GND, which would likely cause the circuit to melt). This
real-time current is measured by an ammeter 308, which is
logically coupled to the iPWM 304. If the iPWM 304 deter-
mines, based on current readings form the ammeter 308, that
the amount of current coming into the iPWM 304 (and thus
out the I/O bus 4) exceeds some predetermined level, then the
iPWM 304 consults with a table 310 of devices on the I/O bus
4 that are able to have their current lowered.

Based on the entries in the table 310, the iPWM 304 lowers
the incoming voltage from VCC4 by shortening the duty
cycle of the voltage. That is, assume that the voltage being
received from VCC4 can be turned off and on (e.g., to create
a square wave of voltage). The amount of time during which
the voltage is turned on is known as a “duty cycle”. By
increasing the duty cycle, the overall voltage level is
increased; by shortening the duty cycle, the overall voltage
level is decreased. For example, consider voltage waveform
312, in which voltage is turned oft and on up to the voltage
level of VCC4. In voltage waveform 312, the duty cycles 314
(i.e., periods in which the voltage from VCC4 is turned on) are
wide, resulting in an average voltage V1 that is close to the
voltage provided by VCC4. However, in voltage waveform
316, the duty cycles 318 (i.e., periods in which the voltage
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from VCC4 is turned on) are narrow (i.e., periods in which the
voltage from VCC4 is turn on are shorter than those shown in
voltage waveform 312), resulting in an average voltage V2
that is much less than the voltage provided by VCC4.

Note that the devices 302a-3027 may be one or more of
various types of electronic devices, including, but not limited
to: cooling fans used to cool a system and/or specific compo-
nents thereof, Light Emitting Diodes (LEDs) used to indicate
status conditions (i.e., On/Off, warnings, etc.) of components
in a system; microprocessors used by a system, etc.

As described herein, current bank 2044 is an intelligent
current bank from a set of intelligent current banks (204a-
204d shown in FIG. 2). In one embodiment, one of the intel-
ligent current banks from 204a-204d is identified by a com-
parator logic (e.g., processor 104 depicted in FIG. 1) as a
“hot” intelligent current bank from the set of intelligent cur-
rent banks, meaning that this “hot” intelligent current bank is
providing more than a predetermined level of current to
devices. In this embodiment, this predetermined level of cur-
rent is a ratio of a first source current being provided by a first
intelligent current bank to a second source current being
provided by a second intelligent current bank. That is, assume
that current bank 1 is providing 100 mA of current to its
devices, and current bank 2 is providing 80 mA to its devices.
In this scenario, assume that current bank 1 is providing more
current than any of the other current banks from current banks
104, and that current bank 2 is providing the next most current
to its devices (e.g., current bank 3 is only producing 30 mA
and current bank 4 is only producing 10 mA). Thus, in this
example, the ratio of current being provided by current bank
1 to current bank 2 would be 100/80, or 1.25. If 1.25 exceeds
some predetermined ratio (e.g., 1.00), then a supply voltage
level to the hot intelligent current bank is reduced by a current
balancing logic (part of processor unit 104 and CIOCL 148
depicted in FIG. 1) until the supply voltage to the hot intelli-
gent current bank reaches a point at which current from the
hot intelligent current bank drops below the predetermined
level of source current.

Note that in one embodiment, a thermal sensor 320 is
coupled to current bank 2044. In this embodiment, it is the
amount of heat rather than the current itself that dictates
whether voltage to current bank 204d is reduced. For
example, assume that the set of intelligent current banks
depicted in FIG. 2 are coupled to an integrated circuit via a set
of ball grid array (BGA) connectors. If any of these connec-
tions melt, due to the current bank 2044 overheating from
excess current flow, failure of the system is likely. This, in this
embodiment the thermal sensor 320 (i.e., a thermal detector
such as thermal sensor 152 depicted in FIG. 1), which in one
embodiment is also coupled to the BGA connectors, detects if
a particular intelligent current bank is “hot” (i.e., is a hot
intelligent current bank that is exceeding a predetermined
temperature). If the thermal sensor 320 determines that cur-
rent bank 2044 is running hot (e.g., over 200 degrees Celsius),
then a current balancing logic (part of processor unit 104 and
CIOCL 148 depicted in FIG. 1) reduces the supply voltage
level to the hot intelligent current bank until the hot intelligent
current bank drops below a predetermined “safe” (e.g., less
than 100 degrees Celsius) temperature.

With reference now to FIG. 4, a high-level flow chart of
exemplary steps performed by a system to selectively adjust
current levels to devices on an [/O bus coming from a par-
ticular current bank is presented. After initiator block 402,
current to a current I/O bank (e.g., one or more of the banks
204a-2044 depicted in FIG. 2), and/or the resulting current
flowing out of a respective I/O bus (e.g., one or more of the [/O
busses 206a-206d in FI1G. 2) is monitored by measuring, by
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an ammeter, a real-time flow of current through a resistance
that is coupled to a voltage source, as described in block 404
and presented in exemplary detail above in FIG. 3. As
described in query block 406, a determination is made as to
whether current flowing into and/or out of the current I/O
bank exceeds some predetermined level “x”. As described
herein, this determination is performed in one embodiment by
an intelligent Pulse-Width Modulation (iPWM) unit within
the intelligent current bank and/or an ammeter, where the
iPWM and/or ammeter determine whether the real-time flow
of current (caused by a voltage source) through a resistance
exceeds a predetermined amount.

As described in block 408, if the current entering/leaving a
particular current I/O bank exceeds the predetermined level/
amount, devices that are attached to the I/O bus are identified
as being “willing” to have their current levels reduced if
necessary. That is, certain devices on the I[/O bus may have a
constraint that their current/voltage can never be reduced, lest
catastrophic results (e.g., failure of an entire system) ensues.
Similarly, other devices may have their current/voltage sup-
plies reduced, but only to a certain level, lest unacceptable
conditions result. Thus, any device on the I/O bus that is able
to have its current reduced, either partially or completely, is
defined as a “PWM-able device”, also known as a “PWM-
able electronic device”.

As described in block 410, different PWM-able devices are
then ranked according to the impact that reducing their supply
current will have on a system/operation/application/etc. For
example, assume that one of the PWM-able devices is a
cooling fan and another of the PWM-able devices is a Light
Emitting Diode (LED). In this scenario, the cooling fan has a
higher-priority rating and the LED has a lower-priority rating,
such that current will be reduced to the LED before current is
reduced to the cooling fan, since the cooling fan is more
important to the proper operation of the total system of which
the cooling fan and the LED are components. In another
example, one of the electronic devices on the /O bus is a
microprocessor and another of the electronic devices on the
1/0 bus is a Light Emitting Diode (LED). Again the micro-
processor has the higher-priority rating than the LED, causing
current to be reduced to the LED before current is reduced to
the microprocessor, since the microprocessor is also impor-
tant to the proper operation of the total system of which the
microprocessor and the LED are components. In some
embodiments, the ranking of different components is not so
clear cut. For example, in one embodiment the electronic
devices coupled to the I/O include a primary memory, a
processor, and a cooling fan. Ranking these items according
to which devices are to have their current reduced, and by
what amount, and in what order, is determined by an analysis
of'the overall system, the nominal performance ratings of the
devices, and the interactive effect of one or more of the
devices underperforming or failing. This analysis can be per-
formed by a software analysis logic, which in one embodi-
ment is a component of CIOCL 148 depicted in FIG. 1.

As described in block 412 of FIG. 4, in response to the
iPWM and the ammeter determining that the real-time flow of
current through the resistance being measured by the amme-
ter exceeds the predetermined amount, current is selectively
decreased to at least one of one or more electronic devices
coupled to the /O bus. In one embodiment, current to at least
one of the electronic devices is decreased by the iPWM short-
ening a duty cycle of voltage being received by the iPWM
from the voltage source, as described in FIG. 3. The process
ends at terminator block 414.

Thus, in one embodiment of the system and method
described herein, one or more processors (e.g., part of pro-
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cessor unit 104 depicted in FIG. 4) establish a power priority
rating for each ofthe electronic devices that are coupled to the
1/0 (current) bus coming from a particular current bank. This
power priority rating establishes an order in which current is
proportionately reduced to each of the electronic devices if
the predetermined amount of current through the resistance is
exceeded. Current is then selectively reduced, via the iPWM,
to one or more of the electronic devices according to their
respective power priority ratings, where current to a lower-
priority electronic device is reduced before current to a
higher-priority electronic device is reduced (i.e., the lower-
priority electronic device has a lower power priority rating
than the higher-priority electronic device).

In one embodiment, the iPWM prevents one or more of
said one or more electronic devices from experiencing a cur-
rent reduction unless current to all other electronic devices
from said one or more electronic devices is turned off

With reference now to FIG. 5, there is depicted a block
diagram of an exemplary design flow 500 used for example,
in semiconductor IC logic design, simulation, testing, layout,
and manufacturing. Design flow 500 includes processes,
machines and/or mechanisms for processing design struc-
tures or devices to generate logically or otherwise function-
ally equivalent representations of the design structures and/or
devices described above and shown in FIGS. 2-3. The design
structures processed and/or generated by design flow 500
may be encoded on machine-readable transmission or storage
media to include data and/or instructions that when executed
or otherwise processed on a data processing system generate
a logically, structurally, mechanically, or otherwise function-
ally equivalent representation of hardware components, cir-
cuits, devices, or systems. Machines include, but are not
limited to, any machine used in an IC design process, such as
designing, manufacturing, or simulating a circuit, compo-
nent, device, or system. For example, machines may include:
lithography machines, machines and/or equipment for gen-
erating masks (e.g. e-beam writers), computers or equipment
for simulating design structures, any apparatus used in the
manufacturing or test process, or any machines for program-
ming functionally equivalent representations of the design
structures into any medium (e.g. a machine for programming
a programmable gate array).

Design flow 500 may vary depending on the type of rep-
resentation being designed. For example, a design flow 500
for building an application specific IC (ASIC) may differ
from a design flow 500 for designing a standard component or
from a design flow 500 for instantiating the design into a
programmable array, for example a programmable gate array
(PGA) or a field programmable gate array (FPGA) offered by
Altera® Inc. or Xilinx® Inc.

FIG. 5 illustrates multiple such design structures including
an input design structure 520 that is preferably processed by
a design process 510. Design structure 520 may be a logical
simulation design structure generated and processed by
design process 510 to produce a logically equivalent func-
tional representation of a hardware device. Design structure
520 may also or alternatively comprise data and/or program
instructions that when processed by design process 510, gen-
erate a functional representation of the physical structure of a
hardware device. Whether representing functional and/or
structural design features, design structure 520 may be gen-
erated using electronic computer-aided design (ECAD) such
as implemented by a core developer/designer. When encoded
on a machine-readable data transmission, gate array, or stor-
age medium, design structure 520 may be accessed and pro-
cessed by one or more hardware and/or software modules
within design process 510 to simulate or otherwise function-
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ally represent an electronic component, circuit, electronic or
logic module, apparatus, device, or system such as those
shown in FIGS. 2-3. As such, design structure 520 may com-
prise files or other data structures including human and/or
machine-readable source code, compiled structures, and
computer-executable code structures that when processed by
a design or simulation data processing system, functionally
simulate or otherwise represent circuits or other levels of
hardware logic design. Such data structures may include
hardware-description language (HDL) design entities or
other data structures conforming to and/or compatible with
lower-level HDL design languages such as Verilog and
VHDL, and/or higher level design languages such as C or
C++.

Design process 510 preferably employs and incorporates
hardware and/or software modules for synthesizing, translat-
ing, or otherwise processing a design/simulation functional
equivalent of the components, circuits, devices, or logic struc-
tures shown in FIGS. 2-3 to generate a netlist 580 which may
contain design structures such as design structure 520. Netlist
580 may comprise, for example, compiled or otherwise pro-
cessed data structures representing a list of wires, discrete
components, logic gates, control circuits, I/O devices, mod-
els, etc. that describes the connections to other elements and
circuits in an integrated circuit design. Netlist 580 may be
synthesized using an iterative process in which netlist 580 is
resynthesized one or more times depending on design speci-
fications and parameters for the device. As with other design
structure types described herein, netlist 580 may be recorded
on a machine-readable data storage medium or programmed
into a programmable gate array. The medium may be a non-
volatile storage medium such as a magnetic or optical disk
drive, a programmable gate array, a compact flash, or other
flash memory. Additionally, or in the alternative, the medium
may be a system or cache memory, buffer space, or electri-
cally or optically conductive devices and materials on which
data packets may be transmitted and intermediately stored via
the Internet, or other networking suitable means.

Design process 510 may include hardware and software
modules for processing a variety of input data structure types
including netlist 580. Such data structure types may reside,
for example, within library elements 530 and include a set of
commonly used elements, circuits, and devices, including
models, layouts, and symbolic representations, for a given
manufacturing technology (e.g., different technology nodes,
32 nm, 45 nm, 50 nm, etc.). The data structure types may
further include design specifications 540, characterization
data 550, verification data 560, design rules 570, and test data
files 585 which may include input test patterns, output test
results, and other testing information. Design process 510
may further include, for example, standard mechanical
design processes such as stress analysis, thermal analysis,
mechanical event simulation, process simulation for opera-
tions such as casting, molding, and die press forming, etc.
One of ordinary skill in the art of mechanical design can
appreciate the extent of possible mechanical design tools and
applications used in design process 510 without deviating
from the scope and spirit of the invention. Design process 510
may also include modules for performing standard circuit
design processes such as timing analysis, verification, design
rule checking, place and route operations, etc.

Design process 510 employs and incorporates logic and
physical design tools such as HDL compilers and simulation
model build tools to process design structure 520 together
with some or all of the depicted supporting data structures
along with any additional mechanical design or data (if appli-
cable), to generate a second design structure 590. Design
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structure 590 resides on a storage medium or programmable
gate array in a data format used for the exchange of data of
mechanical devices and structures (e.g. information stored in
a IGES, DXF, Parasolid XT, JT, DRG, or any other suitable
format for storing or rendering such mechanical design struc-
tures). Similar to design structure 520, design structure 590
preferably comprises one or more files, data structures, or
other computer-encoded data or instructions that reside on
transmission or data storage media and that when processed
by an ECAD system generate a logically or otherwise func-
tionally equivalent form of one or more of the embodiments
of the invention shown in FIGS. 2-3. In one embodiment,
design structure 590 may comprise a compiled, executable
HDL simulation model that functionally simulates the
devices shown in FIGS. 2-3.

Design structure 590 may also employ a data format used
for the exchange of layout data of integrated circuits and/or
symbolic data format (e.g. information stored in a GDSII
(GDS2), GL1, OASIS, map files, or any other suitable format
for storing such design data structures). Design structure 590
may comprise information such as, for example, symbolic
data, map files, test data files, design content files, manufac-
turing data, layout parameters, wires, levels of metal, vias,
shapes, data for routing through the manufacturing line, and
any other data required by a manufacturer or other designer/
developer to produce a device or structure as described above
and shown in FIGS. 2-3. Design structure 590 may then
proceed to a stage 595 where, for example, design structure
590: proceeds to tape-out, is released to manufacturing, is
released to a mask house, is sent to another design house, is
sent back to the customer, etc.

Note that the flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts, or combinations
of special purpose hardware and computer instructions.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
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the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the inven-
tion and the practical application, and to enable others of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particular use contemplated.

Having thus described the invention of the present appli-
cation in detail and by reference to preferred embodiments
thereof, it will be apparent that modifications and variations
are possible without departing from the scope of the invention
defined in the appended claims.

What is claimed is:

1. A method of controlling current to one or more devices
in a hardware system, wherein the hardware system com-
prises a voltage source, an input/output (I/O) bus, and an
intelligent current bank coupling the voltage source to the [/O
bus, wherein the method comprises:

measuring, by an ammeter, a real-time flow of current

through aresistance that is coupled to the voltage source;
determining, by an intelligent Pulse-Width Modulation
(iIPWM) unit within the intelligent current bank and the
ammeter, whether the real-time flow of current through
the resistance exceeds a predetermined amount; and

in response to the iPWM and the ammeter determining that

the real-time flow of current through the resistance being
measured by the ammeter exceeds the predetermined
amount, selectively decreasing current to at least one of
one or more electronic devices coupled to the I/O bus,
wherein current to said at least one of said one or more
electronic devices is decreased by the iPWM shortening
aduty cycle of voltage being received by the iPWM from
the voltage source.

2. The method of claim 1, further comprising:

establishing, by one or more processors, a power priority

rating for each of the one or more electronic devices,
wherein the power priority rating establishes an order in
which current is proportionately reduced to each of the
one or more electronic devices if the predetermined
amount of current through the resistance is exceeded;
and

selectively reducing, via the iPWM, current to the one or

more electronic devices according to power priority rat-
ings, wherein current to a lower-priority electronic
device is reduced before current to a higher-priority
electronic device is reduced, wherein the lower-priority
electronic device has a lower power priority rating than
the higher-priority electronic device.

3. The method of claim 2, wherein the iPWM prevents one
or more of said one or more electronic devices from experi-
encing a current reduction unless current to all other elec-
tronic devices from said one or more electronic devices is
turned off.

4. The method of claim 2, wherein said one or more elec-
tronic devices comprise a cooling fan and a Light Emitting
Diode (LED), and wherein the cooling fan has a higher power
priority rating and the LED has the lower power priority
rating.

5. The method of claim 2, wherein said one or more elec-
tronic devices comprise a microprocessor and a Light Emit-
ting Diode (LED), and wherein the microprocessor has a
higher power priority rating and the LED has the lower power
priority rating.
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6. The method of claim 1, wherein the 1/O bus comprises
multiple power lines, and wherein each of the multiple power
lines is connected to a single electronic device from said one
or more electronic devices.

7. The method of claim 1, wherein the voltage source is a
direct current (DC) voltage source.

8. The method of claim 7, wherein the DC voltage source is
a battery.

9. The method of claim 1, wherein the intelligent current
bank is from a set of intelligent current banks, and wherein the
method further comprises:

identifying a hot intelligent current bank from the set of

intelligent current banks, wherein the hot intelligent cur-
rent bank is providing more than a predetermined level
of current to devices, and wherein the predetermined
level of current is a ratio of a first source current being
provided by a first intelligent current bank to a second
source current being provided by a second intelligent
current bank; and

reducing a supply voltage to the hot intelligent current bank

until current from the hot intelligent current bank drops
below the predetermined ratio of current.

10. The method of claim 9, wherein the set of intelligent
current banks are coupled to an integrated circuit via a set of
ball grid array (BGA) connectors, and wherein the method
further comprises:

detecting, by a thermal detector that is coupled to the BGA

connectors, that the hot intelligent current bank is
exceeding a predetermined temperature; and

reducing the supply voltage to the hot intelligent current

bank until the hot intelligent current bank drops below
the predetermined temperature.
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